
N/ A
National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center
Houston, Texas 77058

pr ill

DMS-DR-2364

NASA-CR-160,527

VOLUME i of 3

RESULTS OF AN INVESTIGATION TO VERIFY SHUTTLE ORBIT_

VEHICLE 102 AERO CHARACTERISTICS UTILIZING AN

.05-SCALE HI-FIDELITY REMOTE CONTROL MODEL (39-0)

IN THE AMES RESEARCH CENTER UNITARY WIND TUNNEL

(OAI45B)

(NASA-CL{-160527) RESULTS O_ AN
INVESTIGATION TO VERI_Y SHUTTLE ORBI=fER

VEHICLE 102 AERO C_ARACTERISTICS UTILIZING

AN .05-SCALE HI-FIDELITY EEMO%E CONTECL

MODEL (39-0) IN T_iE AL_ES EESEARCH CENTER

$PugES_U_LE
flEROTNE_NSP_fllBN|C:DDTgREPORT

Ndl-7_221

Uucias

00/16 20575

Data ma
HUNTSVILLEELE_RONIOSDMSION

VvA, CORPORATION



November 1980

DMS-DR-2364

NASA-CR-160,527

VOLUME i of 3

RESULTS OF AN INVESTIGATION TO VERIFY SHUTTLE ORBITER

VEHICLE 102 AERO CHARACTERISTICS UTILIZING AN

.05-SCALE HI-FIDELITY REMOTE CONTROL MODEL (39-0)

IN THE AMES RESEARCH CENTER UNITARY WIND TUNNEL

(OAI45B)

by

R. H. Mulfinger

Rockwell International STS D&P Division

Prepared under NASA Contract Number NAS9-13247

by

Data Management Services

Chrysler Huntsville Electronics Division

Slidell Engineering Office

New Orleans, Louisiana 70189

for

Engineering Analysis Division

Johnson Space Center

National Aeronautics and Space Administration

Houston, Texas



WINDTUNNELTESTSPECIFICS:

Test Number:
NASASeries Number:
Model Number:
Test Dates:
OccupancyHours:

118-1-11, -97, -87
OAI45A, B, C
39-0
March 7, 1977 through May 4, 1977
OAI45A 480
OAI45B 348
0A145C I00

FACILITY COORDINATOR: AERODYNAMICANALYSISENGINEERS:

Jack J. Brownson
AmesResearch Center
Mail Stop 227-5
Moffett Field, CA 94035

Phone: (415) 965-6262

D. C. Schlosser
F. F. Fitzgerald
Rockwell International
STSD&PDivision
Mail CodeAC07
12214LakewoodBoulevard
Downey, CA90241

Phone: (213) 922-4738

PROJECTENGINEERS:

R. H. Mulfinger
R. H. Spangler
Rockwell International
STSD&PDivision
Mail CodeAD38
12214 LakewoodBoulevard
Downey, CA90241

R. Guist
J. J. Brownson
AmesResearch Center
Mail Stop 227-5
Moffett Field, CA 94035

Phone: (415) 965-6262

Phone: (213) 922-4994

DATAMANAGEMENTSERVICES:

Prepared by: Liaison - D. W. Hersey
Operations - M. M. Mann

H. C. Zimmerle

Approved:_. _._
J_e. Gly_anager
--Data Opera't'l'ons

Concurrence:_
N. D. Kemp, Manager
Data ManagementServices

Chrysler Huntsville Electronics Division/Slidell Engineering Office assumes
no responsibility for the data presented other than display characteristics.



RESULTSOFANINVESTIGATIONTOVERIFYSHUTTLEORBITER

VEHICLE102 AEROCHARACTERISTICSUTILIZING AN .05-SCALE

HI-FIDELITY REMOTECONTROLMODEL(39-0) IN THEAMES

RESEARCHCENTERUNITARYWINDTUNNEL(OAI45B)

by

R. H. Mulflnger, Rockwell International STSD&PDivision

ABSTRACT

This report documents the data obtained in wind tunnel test _AI45B,

part of a transonic verification test program (_AI45A, B, C) conducted in

the Amesunitary plan tunnel. Data from tests _AI45A and C are documentedin

DMS-DR-2380and DMS-DR-2389,respectively. The objective of this test ser-

ies was to verify orbiter vehicle 102 aerodynamic characteristics with re-

gard to:

i.

2.

Basic stability and control over the structural design envelope

Fine cut stability and control characteristics along a nominal
entry trajectory

3. Control surface hinge moments

4. Reynolds numbereffects on stability and control, control surface
effectiveness and hinge moments

5. Certain hysteresis and control surface interactions observed on
other smaller scale model tests

6. Proposed inboard/outboard elevon interaction math model

Testing was conducted over a Machnumberrange 0.4 to 3.5 with Reynolds

numbervariations between 3.0 x 106 and 9 x 106 per foot for subsonic/tran-

sonic tests and 1.0 x 106 to 4.5 x 106 per foot for supersonic tests. The

iii



ABSTRACT (Concluded)

test program included investigations to evaluate model blockage, reflected

shock and flow angularity effects in the Ii ft. and 9 x 7 tunnels. Mach

ramps were run in the ii ft. tunnel to help establish data validity near

Mach 1.0. Control surface hinge moments were obtained from the integra-

tion of measured pressure data on all control surfaces.
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INTRODUCTION

An experimental investigation was performed to determine aerodynamic

stability and control characteristics and control surface hinge moments

on the OVI02 configuration. The test article was an 0.05-scale represen-

tation of the SSV orbiter configuration (model 39-0). Tests were performed

in the NASA/ARC Unitary Plan Wind Tunnel. Nominal test conditions are

given in Table I.

Six-component force data were measured on the complete model using

the ARC 4-inch Task MKIVA balance sting mounted through the rear of the

model. The model had a total of 280 pressure taps located as shown in

Figures 2c through 2h. Control surface pressures were measured on the

left hand elevon panels, the body flap and speed brake. These pressures

were also integrated to obtain control surface hinge moments.

With the tunnel flowing, data were recorded through an angle-of-

attack range from -i0 ° to +30 o and an angle of sideslip range from -I0 °

to +i0 °.

Control surfaces remotely actuated from the control room were: All

four elevon panels, the body flap, and the rudder. Speed brake deflec-

tions were set manually using a pin indexing system on the rudder shaft.

The report consists of 3 volumes, 1 volume of plotted force data

and plotted pressure data, 1 volume of tabulated force data, 1 volume

of tabulated pressure data on microfiche• The volumes are arranged in

the following manner;
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VOLUME
NUMBER

INTRODUCTION (Concluded)

CONTENTS

oa145B PLOTTED FORCE DATA

OAI45A TABULATED FORCE DATA

OAI45B TABULATED PRESSURE DATA

INBOARD ELEVON LOWER SURFACE

OUTBOARD ELEVON LOWER SURFACE

INBOARD ELEVON UPPER SURFACE

OUTBOARD ELEVON UPPER SURFACE

INBOARD FLIPPER DOOR UPPER SURFACE

OUTBOARD FLIPPER DOOR UPPER SURFACE

BODY FLAP UPPER SURFACE

BODY FLAP LOWER SURFACE

RUDDER OUTER SURFACE

RUDDER INNER SURFACE

ORBITER BASE

STING LOWER SURFACE

STING UPPER SURFACE

MICROFICHE

PAGE NO.

1-8

8-14

15-29

29-44

45-50

50-55

55-60

61-66

66-72

72-78

78-80

80-82

82-83
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NOMENCLATUSE

PLOT

SYMBOL
u

a

ARK

Ai

Aj

Am

B W

CA

CAb

CAC

CAf

CAU

cHF

CD

c_

CDf

HNE_GNIC

CA

CAB

CAC

CAF

CD

CDB

CDF

DEFINITION

speed of sound; m/sec,ft/sec

2
fuselage base area assigned to pressure tap K, ft.

fuselage base sting cavity area, ft.2

upper control surface area assigned to pressure
tap i, in.2

lower control surface area assigned to pressure
tap J, in._

speed brake outer surface area assigned to

pressure tap m, in. 2

speed brake inner surface area assigned to

pressure tap n, in. 2

Wind reference span, in. Used to nondimensionalize
yawing and rolling moments.

axial-force coefficient; axial force
qS

base-force coefficient; base force .Ab(Pb.p_)/qS
qS

Sting cavity axial force coefficient. Sting
cavity pressure is adjusted to an average base

pressure.

foreBody axial force coefficient, CA - CAb

axial force coefficient, unadjusted

Body flap reference chord length, in.

drag coefficient; drag
qS

base-drag coefficient; base drag
qS

foreBody drag coefficient; CD - CDb
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PLOT

S"n4BOL

CE

CFD

ChBF

ChEI

ChEo

ChFDI

ChFDO

ChSB

CL

eL

Cm

Cn

CN

Cp

Cy

_a

(SBF,F;hf

CHBF

CHEI

CHE0

CHFDI

CHFDO

CHSB

CL

CBL

ClM

CYN

CN

CP

CY

AILRON

BDFLAP

NGMENCLA_NfRE (Continued)

DEFINITION

elevon reference chord length, in.

flipper door reference chord length, in.

body flap hinge moment coefficient

inboard elevon hinge moment coefficient

outboard elevon hinge moment coefficient

inboard flipper door hinge moment coefficient

outboard flipper door hinge moment coefficient

speed brake hinge moment coefficient

lift coefficient; lift
qS

rolling-moment coefficient; rollin_ moment
qSb

pitching-moment coefficient; pitching moment

yawing-moment coefficient; yawing moment
qSb

normal-force coefficient; normal force
qS

pressure coefficient; (Pl - P_)/q

wing reference MAC, in.

side-force coefficient; side force
qS

Aileron deflection. Positive when L.H. elevon is

more trailing edge down than R.H. elevon, degrees.

Body flap deflection. Positive trailing edge
down, degrees.
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N_CLA_=JRE (Continued) ............

D

PLOT

_L

_e

DEIa

eRl '

6r

D_{L

6SB

HmHF

HmEI

HmEO

HMFDI

%sB

L/Df

M

M_CalC DEFINITION

ELEVON Elevon deflection, average of the four individual

panel deflections. Positive trailing edge down,

degrees.

ELV-LI,@ inboard and outboard L.H. elevon deflections, degrees

DELL differential elevon setting, left side, outboard-

inboard, degrees

DELR differential elevon setting, right side, outboard-

inboard, degrees

ELV-RI,@ inboard and outboard R.H. elevon deflections, degrees

RUDDER Rudder deflection in a water plane. Positive

trailing edge left, degrees.

DRHL Rudder deflection normal to the hinge line.

Positive trailing ed6e left, degrees.

SPDBRK Speed brake deflection. Angle between the inside

faces of the left and right panels, always positive,

degrees.

body flap hinge moment, in-lbs

inboard elevon hinge moment, in-lbs

outboard elevon hinge moment, in-lbs

inboard flipper door hinge moment, in.lbs

outboard flipper door hinge moment, in.lbs

speed brake hinge moment, in-lbs

orbiter body reference length, in.

L/D lift-to-drag ratio; CL/C D

L/DF lift-to-forebody drag ratio; CL/CDf

MACH Mach number; V/a
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NOMENCLATURE(Continued)

PLOT
SYMBOL

P

Pi,j,m,n

Po

q

RN/L

SBF

SE

SFD

SSB

Sw

V

XBF/C B

XCG

XCp

xe/Ce

XFD/CFD

X°

l,j ,m,n

_EMONIC

P

Q(PSF)

Q

RN/L, RN

XBF/CB

XCP/L

XE/CE

XF/CF

DEFINITION

pressure; N/m 2, psf

control surface static pressure corresponding to

tap i, j, m or n, psfa

freestream static pressure psfa

dynamic pressure; i/2pV 2, psf

unit Reynold's number; per m, per ft

body flap reference area, in. 2

elevon reference area, in. 2

flipper door reference area, in. 2

speed brake reference area, in. 2

wing reference area, ft. 2

velocity; m/sec, ft/sec

chordwise distance aft of body flap hinge line

as a fraction of body flap chord

distance from orbiter nose (IML) to model moment

reference center, in.

model center of pressure location in the normal

force direction, relative to the model nose (IML),

in.

chordwise distance aft of elevon hinge line as a

fraction of local elevon chord

chordwise distance aft of flipper door hinge line

as a fraction of local flipper door chord

transfer distance from static pressure tap i, j,

m or n to the corresponding control surface

hinge line, in.
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PLOT
SYMBOL

XR/C R

B

P

nBF

nR

nW

MNEMONIC

XR/CR

ALPHA

BETA

PSI

PHI

YBF/BB

ZR/BR

2Y/BW

NOMENCLATURE (Concluded)

DEFINITION

chordwise distance aft of rudder hinge line as a
fraction of local rudder chord

angle of attack, degrees

angle of sideslip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density; kg/m 3, slugs/ft 3

spanwise distance from body flap left edge as a

fraction of body flap span at hinge line

spanwise distance from rudder bottom edge as a

fraction of rudder span on hinge line

distance from plane of symmetry as a fraction

of wing semi-span
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H_MAEKS

After completion of the 0A145test program, pressure data for all

three program phases were reviewed to determine what updating, corrections,

or substitutions would be necessary. The following defines for eacb

program phase those corrections that were deemednecessary and were made

to the final data prior to preparation of the final data tape for

Dataman. Updating and substitutions were applied only where known

deficiencies existed that would have severely compromisedthe final data.

PRESSUREDATAUPDATINGFORI18-i-ii (OAI45A)

Run 18 through 56:16

Deleted sv Pox(s1
-_ 3, 4, 5_ 8 through ii, 17, 18

3 18
7 2, 6, 24
9 19, 20

Applied Tap 127 (SV3-Port 13) Pressure to Tap 132 (SV3-Port IX)

Tap 6 (SV6-Port 2) Pressure to Tap 7 (SVT-Port 2)

Tap 216 (SV7-Port 3) Pressure to Tap 219 (S_-Port 6)

Tap 240 (SV8-Port 3) Pressure to Tap 207 (SVT-Port 24)

Tap 403 (SV9-Port 18) Pressure to Tap h04 (SV9-Port 19)

Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 20)

Run 50:1_ throu6h 56:16

Re_laced SV8 CAL with SV9 CAL.

Run 60:1 through 7h:ll

Deleted SV

1

4
7
9

Port(s )

3, 5, 8 through ii, 17

2

6, 24

19, 20
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REMARKS (Continued)

Applied Tap 5 (SV5-Port 2) Pressure to Tap 4 (SV4-Port 2)

Tap 216 (SVy-Port 3) Pressure to Tap 219 (SVy-Port 6)

Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT-Port 24)

Tap hOB (SVg-Port 18) Pressure to Tap 404 (SVg-Port 17)
Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 19)

Run 76:1 through 272:9

Deleted SV Port( s1
i 3, 8, through ii, 17

7 6, 24
9 19, 20, 2_

Applied Tap 216 (SVy-Port 3) Pressure to Tap 219 (SVY-Port 6)

Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVV-Port 2h)

Tap 403 (svg-Port 18) Pressure to Tap 404 (svg-Port 19)

Tap 403 (SV9-Port 18) Pressure to Tap 405 (SV9-Port 20)

Tap 408 (SV9-Port 23) Pressure to Tap hO9 (svg-Port 2h)

Run67:l through _41:i0

Replaced SV8 CAL with SV9 CAL

Run 185:1 throu6h 272:9

Deleted SV Port

1 5

Applied TaP 35 (SVi-Port ii) Pressure to Tap 25 (SVi-Port 5)

Run 276:1 through 996:10

Deleted Po (sl
7 6, 2_
9 19, 2O, 24

Applied Tap 216 (SVT-Port 3) Pressure to Tap 219 (SVT-Port 6)
Tap 240 (SV8-Port 3) Pressure to Tap 237 {SVT-Port 24)

Tap 403 (svg-Port 18) Pressure to Tap 404 (svg-Port 19)

Tap h0B (SV9-Port 18) Pressure to Tap 405 (svg-Port 20)

Tap 408 (svg-Port 23) Pressure to Tap 409 (svg-Port 24)
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R_MARKS (Continued)

Run 370:i thr0u_h 384

Deleted SV6 Port 2

Applied Tap 5 (svS-Port 2) Pressure to Tap 6 (SV6-Port 2)

Run 403 throu6h 918:10

Deleted SV7 Ports 6 and 24

Applied Tap 216 (SVT-Port 2) Pressure to Tap 218 (SVT-Port 6)

Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT-Port 24)

Run 514 throu6h 534:10

Deleted SV6 Port 2

Applied Taps (SV5-Port 2) Pressure to Tap 6 (SV6-Port 2)

Run 735 through 756:10

Deleted SV2 Port 7

Applied Tap 65 (SV1-Port 25) Pressure to Tap 75 (SV2-Port 7)

Run 874 through 895:8

Deleted SV2 Port 7

Applied Tap 65 (SVi-Port 25) Pressure to Tap 75 (SVR-Port 7)

PRESSURE DATA UPDATING FOR 118-1-97 (0Alh5B)

Run 156:7 through 337

Deleted

(Endof S14177running)

SV Port(s )
-7 "'8
7 24

Applied Tap 117 (SVB-Port 3) Pressure to Tap 122 (SV3-Port 8)

Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT-Port 2h)

Run 340 throu6h 391 (End of test)

Deleted SV Port
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R_4AEKS (Continued)

Applied Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT-Port 24)

PBASE for following runs is lost; substitute as follows:

For Run 228 Substitute PB from Run 200 Seq. 6

For Run 229 Substitute PB from Run 200 Seq. 18

PRESSURE DATA UPDATING FOR I18-i-87 (0A145C)

Run I_ through 97

Deleted

3
7 24

Applied Tap 117 (SV3-Port 3) Pressure to Tap 122 (SVB-Port 8)

Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT-Port 24)

Run 82 through _6

Deleted SV8 Port 2

Applied TaP 7 (Sl_-Port 2) Pressure to Tap 8 (SV8-Port 2)

Run 98 through 188

Deleted SV7 Port 24

Applied Tap 240 (SV8-Port 3) Pressure to Tap 237 (SVT-Port 24)

Run i00 through 188

Deleted SV3 Port 8

Applied Tap 117 (SV3-Port 3) Pressure to Tap 122 (SV3-Port 8)

It should be noted that for the 0AI45A program aerodynamic

coefficient data presented between freestream Mach numbers of about 0.98

and 1.07 may be suspect. Measured aerodynamic characteristics are

affected by tunnel wall blockage and/or reflected shock waves. Therefore,

data in this Mach range should be used with caution for diagnostic
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I_RKS (Continued)

analysis only. Review of the base pressure data for the 0A145C test

program revealed significant differences in PBASE between individual

pressure taps and are a result of response time problems associated with

Scanivalve stepping from the calibrate pressure Port #l (high positive

pressure) to the adjacent (low negative value) base pressure Port #2,

on all Scanivalves. For base pressures measured on two adjacent ports_

i.e., CPB10 and CPB11 on Scanivalve ll the second pressure reads the

correct value of PBASE. It was therefore concluded that only Port #2

on each Scanivalve3 the base pressure tap, is in error. This anomaly

was not discovered until after release of the final data tape to

Dataman.

Pressure data used for the DATAMAN integrations for control surface

hinge moments (documented as special request SPRT9F) were edited further

by DATAMAN to exclude taps designated by Rockwell as bad or suspect.

The following is a list of the pressure taps deleted by DATAMAN in

accordance with the integration request:

Tap No.

132

155

209

215

219-221

325

Component

Elevon Upper Surface

Elevon Lower Surface

Flipper Door Upper Surface

Flipper Door Upper Surface

Flipper Door Upper Surface

Body Flap Lower Surface

Tap Location

nW = 0.8, Xe/C e = 0.2

nW = 0.34, Xe/C e = 0.6

nW = 0.534, XF/C F = 0.9

nW = 0.715, XF/C F = 0.9

nW = 0.887, all XF/C F

centerline @ T. E.

3O



REMARKS(concluded)

Hinge momentdata presented in this report are the on line integra-

tion results from the test facility. Pressure data tabulated in volume

3 are also facility data.
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CONFIGURATIONSINVESTIGATED

The test article (provided by Rockwell) was a O.05-scale model 39-0

defined by the VC70-OOO002B configuration control drawing and fabricated

to the March 15, 1976 trajectory 14414.1C/C Numerical Control Lines.

The model was constructed primarily of 6061-T6 aluminum alloy and

Armco 17-h stainless steel. The balance block, wing panels and elevons.

vertical tail and speed brakes, and body flap are the principal steel

components. The fuselage is all aluminum.

The model was tested in the above fixed configuration in all three

facilities. No model boundary layer trips were employed for any testing.

The only configuration variables were model orientation and control

surface deflection. The following range of control surface deflections

were tested and controlled remotely from the control room: Elevon

deflections of -35 ° to +20 °, body flap deflections of -ll.7 to 22.5 and

-22.8 to +22.8 rudder deflection. Speed brake deflections of 0 °. 7.5,

15 °, 25 °, 40° , 55 ° , 70 ° and 87.2 ° were set manually.

The following nomenclature was used to designate the model

components :

C omp one nt

Cl6

E64

F16

Definition

OV102 fuselage including T-zero umbilical

panels, crew hatch, and cargo bay door gaps.

Canopy including recessed windshields and

observation windows.

Elevons, including elevon/elevon and elevon/

fuselage gaps.

Body flap.
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Component

FD3

HG 1

M52

N108

NI09

NIIO

NIII

R2o

V27

%_f10

VTII

VT12

VTI 3

VTI4

VTI 5

_TI6

VTI?

Wl31

CONFIGURATIOR8 IR_'ESTIGATED( Concluded )

Definition

Flipper doors.

Fairlngs for the forward cargo bay door

hinges, 6 per side.

Cargo bay door hinges, 13 per side.

0MS pods.

Forward RCS thruster nozzle ports.

Kin propulsion system nozzles (inner
surfaces cut away for sting clearance).

OHS nozzles.

Aft RCS thruster nozzles and ports.

Rudder, split into left and right speed

brake panels.

Vertical tail.

Cargo bay vents, _ per slde.

wing/landing gear bay vents, i per side.

Cabin vents, i per side.

Forward RCS vents, i per side.

Aft fuselage vents, i per side.

OMS RCS vents, i per side.

Flipper door vents.

Miscellaneous vents, ports and penetrations.

OVI02 wing.

The above nomenclature is depicted in Figures 2a and 2b.
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INS TRUMENTATI ON

The test was conducted with the following model instrumentation:

i. h.O-inch Task MKIVA, 6-component internal balance.

2. Eleven Scanco S-type, _8-port Scanivalves for model

pressures. One Scanivalve for sting pressures.

36 wing and 97 elevon static pressure taps.

32 flipper door static pressures, 24 external, 8 internal

5 aft fuselage and 23 body flap static pressure taps.

9 vertical tall and 45 speed brake static pressure taps.

9 fuselage base and 2 balance cavity static pressure taps.

2 air data probe forward fuselage flush static pressure

taps.

.

I 4.

5.

6.

7.

8.

9. 20 sting static pressure taps.

Six model control surfaces were remotely actuated.

the following instrumentation:

Included were

i. Hydraulic actuation systems for the four elevon panels

and the body flap.

2. Electric motor actuation system for the rudder.

3. Angular position pots for each of the control surfaces.

4. A model mounted hydraulic supply system, including pump.

and servo-control valves.

5. A model control console housing the electrical components

of the servo systems.

Force data for the orbiter was measured by a six-component balance,

sting mounted through the rear of the model. The primary balance for

this test was the ARC h-inch Task MKIVA and the backup balance was the

Task MK VI provided by Rockwell.
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I]_S_ATIOI_ (Continued)

The model was instrumented with a total of 280 statlc pressure taps.

These pressures were measured by eleven model mounted S-type Scanlvalves

provided by Rockwell International.

The sting was instrumented with 20 static pressure taps, i0 each top

and bottom spaced every 2 inches aft of the base. These pressures were

measured by a single S-type Scanivalve mounted in the tunnel strut BOR.

The Scanlvalve was provided by Rockwell International.

All pressure instrumentation electrical leads were supplied by

Rockwell International. ARC provided reference, calibrate, and backing

pressure tubes from their source to the aft end of the model. The

routing of all instrumentation leads was internal to the sting, except

for the sting static taps.

The locations and tap identification numbers of all orifices are

shown in _bles Ill thro_h VI and Figures 2c through 2h.

Tunnel wall static pressure, measured upstream of the test section,

was used as the reference pressure for all Scanivalves.

The four elevon panels and the body flap were remotely controlled

using a model mounted hydraulic servo control system. The hydraulic

system consisted of I H.P. AC motor, pump and reservoir, Moog Type BO

servovalves, and Oildyne Style A hydraulic cylinders. The electrical

components of the servo-system, the operational amplifiers and balancing

pots, were contained in a model control console located in the control

room.
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INSTRUMENTATION (Concluded)

The rudder panels were remotely controlled using a Globe planetary

gear motor_ Type 8L. An electrical servo system for the rudder, uti-

lizing a Moog amplifier, was built into the model control console.

Control surface angular position was read by rotary pots located as

closely as possible to each surface hingellne. The pots for the inboard

elevon panels and the body flap were 7/8-inch Beckman Helipots, model

6173 single turn, dual element. The pots for the outboard elevons and

rudder panels were 1/2-inch Markite Series BM05 pots, also single turn,

dual element.

The dual outputs from each pot allowed one output to be utilized as

the feedback element in the control servo loop, with the second output

being used to set control position and compute surface positions in the

data reduction program.

The model control console was operated manually. Unbalancing of the

servo to set a given control deflection was accomplished by manually

adjusting the Helipots on the control console. The position of each

control surface was read by separate digital voltmeters mounted on the

console.
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TEST FACILITIES DESCRIPTION

Ames ii x ll-Foot Transonic (%AI45A)

The Ames Ii x ll-Foot Transonic Wind Tunnel is a variable density,

closed return, continuous flow type. This tunnel has an adjustable

nozzle (two flexible walls) and a slotted test section to permit tran-

sonic testing over a Mach number range continuously variable from 0._ to

1.4.

Ames 8 x 7-Foot Supersonic (¢A145C)

The Ames 8 x 7-Foot Supersonic Wind Tunnel is a closed-return,

variable-density tunnel with a 8- by 7-foot rectangular test section.

The nozzle has flexible side walls with fixed upper and lower surfaces.

Mach number range is continuously variable from 2._5 to 3.5. Tunnel

stagnation pressure can be varied from 0.3 to 2.0 atmospheres and

Reynold's number per foot varies from 1.0 x 106 to 5.0 x 106.

Ames 9 x 7-Foot Supersonic (¢AI45B)

The Ames 9 x 7-Foot Supersonic Wind Tunnel is a variable density,

continuous flow type with an adjustable nozzle to permit supersonic

testing over a Mach number range continuously variable from 1.5 to 2.5.

The nozzle is of the asymmetric, sliding-block type in which the variation

of the test section Mach number is achieved by translating, in the stream-

wise direction, the fixed-contour block that forms the floor of the

nozzle.
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DATAREI_JCTION

Model force and moment data was reduced to coefficient form in both

body and stability axes systems. Moment data was reduced about a moment

reference center corresponding to 65% of the reference body length at

W.L. 375. Model angle of attack and sideslip were corrected for support

hardware deflections and tunnel flow angularity. Angle-of-attack flow

angularity was determined from upright and inverted model runs at the

beginning of the test. Standard facility corrections were applied as

required. All model pressure data was reduced to the pressure

coefficient form (P-Po)/q.

Six-component body axes data was computed from balance outputs with

axial force being adjusted for the differences between the average sting

cavity pressure and an average base pressure.

CA = CAu - CAC

where:

CAc = . (CPCavg" - CPBavg .)

Cpl 0 + Cpl I

CPcavg" =
2

CPBavg" = (Cp1 + Cp2 + Cp_ + Cp6 + CpT + Cp8)
6

Forebody axial force coefficients were computed _yadJustlmg the base

pressure to freestream.

CAF = CA - CAB

9
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DATA REDUCTI ON (Continued)

where:

CAB : "_!i + (CP vg" AC) 
Sw K=I J

Center-of-pressure location of the model normal force was computed as a

ratio to the reference body length.

XCp - I (X Cm _)IB ]3 CG - C-N

Stability axes coefficients CL and CD were computed from body axes

coefficients CN and CA. Model lift-to-drag ratio was then computed from

C L and CD.

L/D : CL/C D

Model control surface positions from the run schedule were input to

the controller manually, i.e., constant or variable values were input

depending on the sweep variable for the given run. Table look up values

of 8e, 8BF, and 8A, based on calibration data, were stored in the data

reduction program and employed to determine control surface position

from the actual set values of controller voltages input to the ARC

instrumentation system.

Model control surface hinge moments (on line data only) were computed

by the facility from control surface pressures using an area-moment arm

method as detailed below:

12& 173

I =i01 J=150

I(Pj) (Aj) (xj) I
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DATAREDUCTION(Continued)

CHEI = HMEI
qSECE

149

HME0 =

i=125

197

J=ITh

CHE0 : HMEO

qSE%

Inboard flipper door

212

HMFDI : !

i:201

236

j=225

ChFD I - HMFDI

qSFDCFD

Outboard flipper door

224

HMFD0 = !

i=213

2h8

[(Pi) (Ai)(xi) 1 - Z

j=237

ChFDo = HMFD0

qSFDCFD

I(Pj) (Aj) (xj)J

I(Pj) (Aj) (xj) 1

I(Po) (Aj) (xj) 1

Body flap hinge moments

337

i =301

325

J=314

ChBF = HMBF

qSBFCBF

J

[(Pj) (Aj)(xj)l
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DATA REDUCTION (Continued)

where:

i = upper surface pressure tap numbers

J = lower surface pressure tap numbers

Speed brake hinge moments

HMSB

436 454

= I 1(Pro) (Am) (Xm)l " I

m=410 n=437

HMSB
Chs B =

gSsBCSB

where:

[(Pn) (An)(Xn)l

m = outer surface pressure tap numbers

n = inner surface pressure tap numbers

Pressure coefficients judged to be incorrect were deleted and areas

reassigned by manual input to the on-line computer program. Final hinge

moment data were integrated by Dataman from plotted and smoothed pressure

coefficient data.

The following flow angularity corrections were applied to the final

data:

OA145A No flow angularlty, blockage or wall corrections were

applied to the data obtained in the ll ft. transonic facility.

OA145B Flow angularity corrections based on comprehensive evalu-

ations of "TACT" (Transonic Aircraft Technology) program test data were

applied to the final data. These corrections represent large model values

above and beyond standard facility corrections.
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OA145C

to the data obtained in the 8 x 7 facility.

Reference dimensions and constants used were:

SYMBOL

%

bw

c w

MRC

XCG

1B

S E

cE

SFD

CFD

SBF

CBF

SSB

cSB

AB1

AB2

DATA REDUCTION (Continued)

Standard facility flow angularity corrections were applied

X, in.

Y, in.

Z_ in.

DESCHIPTI ON

Wing reference area. ft. 2

Wing reference span, in.

Wing reference MAC, in.

Moment Reference Center

J_ngth, nose IML to MRC, in.

Body reference Length, in.

Elevon reference area, in. 2

Elevon reference chord, in.

Flipper door reference area, in. 2

Flipper door reference chord, in

Body flap reference area, in. 2

Body flap reference chord, in.

2
Speed brake reference area, in.

Speed brake reference chord, in.

Base sting cavity area, ft. 2

Base area, Tap I, ft. 2

Base area, Tap 2, ft. 2

MODEL FULL

SCALE SCALE

6.725 2690.

46.834 936.68

23.740 474.81

53.834 lO76.68

o.o o.o

18.75 375.9

41.934 838.68

64.515 1290.3

75.60 30240.

4.535 90.7

75.60 30249.

4.535 90.7

48.60 19440.

4.o50 81.o

36.05 14421.6

3.660 73.2

o.1963

0.0587

0.0824
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DATA EEDUCTION (Concluded)

SYMBOL

AB3

ABh

AB5

AB6

AB7

AB8

AB 9

Base area, Tap B, ft.2

Base area, Tap 4, ft.2

2
Base area, Tap 5, ft.

Base area, Tap 6, ft.2

Base area, Tap 7, ft.2

Base area, Tap 8, ft.2

Base area, Tap 9, ft-2

MODEL

SCALE

o.o467

o.o55B

o.o772

o.1].46

o.1798

o.o86o

o.195o

FULL

SCALE
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TEST ; OAI45A, B, C

TAIBLE I.
I I i

]
TEST CONDITIONS

DATE =

MACHNUMBER

0.6

0.8

0.9

0.95

1.o5

1.10

1.20

1.3o

1.55

2.0

2.5

3.0

3.5

BALANCEUTILIZED:

NF

SF

AF

PM

RM

YM

REYNOLDSNUMBER

(perunitlength)x 10 (

5.0, 3.0, 9.0

L

}4.0

1.5, ' 3.5, _,.5
2.5, 3.25, 3.5,_,.o

1.0, 2.5

2.5

4 INCH TASK MNIVA

DYNAMICPRESSURE

(pounds/sqinch)

STAGNATIONTEMPERATURE

(degreesFahrenheit)

CAPACITY: ACCURACY:

6000/6ooo_s o._
3000/3000 LB8

2_oo_ o.a_

16000 IN-LB 0.54

COEFFICIENT
TOLERANCE

41"

COMMENTS:Accuracy applies to maximum gage capacity.
*Coefficient tolerance based on root sum square of forward and aft gages,

tolerance quoted for ramge of Mach number tested.
See Table VIII.
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TABLE IV. _ER DOOR PRES_ TAP LOCATIONS

SPANWISE LOCATION

WI_

o.340

o.43

0.534

0.615

o.715
0.800

0.887

o.96o

UPPER SURFACE XFD/CFD

0.i0 0.50

201 202

2O4 2O5

2O7 208

210 211

213 21_

216 217

219 220

222 223

o.9o

2o3
2o6

2o9

212

215
218

221

22h

INTERNAL CAVIT_ XFD/CFD

o.lo 0.50 0.9o

o.3_

o.4_7

o.534

o.615

o.715

0.800

o.887

o. o

ZZ5

228

231

23_

Z37
240

243
246
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TABLE_. BODYFLAP

SPANWISELOCATION

= y/b at Hingeline

PRESSURE TAP LOCATIONS

UPPER SURFACE XBF/CHF

-0.20 0.20 0.60 1.O0

0.10 (L.H. Side)
0.20

0.35
o.5o (Yo = o) I
0.80 (_.H. Side) I

3oi

305

3o2 3o3
3o4

3o6 307

3o8

LOWER SURFACE X_F/C_F

315 316

318 _ 319

321 i 322

327 328

0.I0 (L.H. Side)
0.20
0.35
0.50 (Yo = o)
0.80 (R.H. Side)

3o9 31_
31o 31?
311 320
312 323

' 313 326
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TABLEVI. SPEEDBRAKEPRESSURETAPLOCATIONS

_7
SPANWISELOCATION
= y/b at HINGELINE

3.1o
0.20

0.30
0.40

3.50

0.60

0.70

0.80

0.90

1.o3 (TOP)

o.13 (BO CM)
9.20

0.30

3. _0

3.50

o.6o

0.70

0.80

0.90

1.03 (TOP)

-0.20

i4Ol

_o2

4o3

4o4

4o6

4o7

4o8

4o9

J

OUTER SURFACE (L.H.) XR/C R
-q ..............................

O. 20 O.60 O.80 i
t

410 411

412 413

415 416

418 419

421 422

424 425

427 428

43O 431

433 434

436

INSIDE SURFACE (L.H_, !_xR#C.R -

437 438

439 440

442 443

445 446

448 449

451 452

454

l.OO

414

417
42O

423

426

429

232

435

441

45o

453
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TABLE VII. AIR DATA PROBE AND STING

PRESSURE TAP LOCATIONS

AIR DATA PROBE PRESSURES

L.H. SIDE AT Xo 291.67, Zo 320.46 I 12
R.H. SIDE AT X o 291.67, Zo 320.46 D 13

STING PRESSURES

DISTANCE FROM MODEL BASE UPPER LOWER

STATION - INCHES i STING STING
E

0 501

2 502

4 503

6 504

8 505

i0 506

12 507

14 508

16 509

18 510

511

512

513

514

515

516

517

518

519

520
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TABLE VIII. COEFFICIENT TOLERANCES FOR _}IE 4-INCH TASK MKIVA BALANCE

COEFFICIENT

CN

Cm

cy

Cn

CA

C_

MACH NUMBER

.6 1.2 3.5

_0.009600 ±0.006 i00 ±0.017100

±0.o028oo ±o.ooz7oo ±0.005000

±o.oo48o0 ±0.0o3o00 -+o.oo85oo

-+0.000580 ±0.0o3700 ±0.001050

±o.oolzoo ±0.000700 ±0.0020oo

±0.000385 _0.00024.0 !0.000690
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8eL =

8eR =

8eLO + 8eLi

2

8eRO + 8eRI

2

8e L + 8e R

2

8eL - 8eR

2

\ \

!

Positive
Deflection of Angle

Rudder, 8r +fl , -_

Elevon, 8e

Right, 8e R

Left, 8e L

Aileron, _a

Body Flap, 8bf

bo

-a , -8

Aero Forces
and Moments

Hinge
Moment

+Cy , -Cn -Chr

-Cm

-Ct

-a , -0 -Cm

Control Surface Deflect±ons

Figure 1. Continued.

- Che

-CheR

-CheL

-Chbf
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__°_" _°_ _9.3o_\
98.6° m,.xl,m=

',\ _.3o,,.'/

\ S/"

Ve_ical Stabilizer

Reference Plane

\

\

\
\

d. RUdder/SPeed Brake Defleettons
FlgUre i. Cont:tnued.
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/7
.-_liwper Door t _t'J_J/ _

- # j_ .\ . f Aoo
1369.b_\ / //," .'o_

Xo "-____½ /
1387.0 Elevon

ELEVON DEFLECTIONS

BODY FLAP DEFLECTIONS

e. Elevon and Body Flap Deflections

Figure i. Concluded.
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-.20

0

.20

.60

1.00

b
.m
_u
4m

g)

(n

77



O3

0"]

O]

i

'\

"\

\ CJ

cO \

0
OQH

_J

_]

o

_J

o

_._
.p

o 0

md

78



79



Tap I Is on the heat shield
under the MPS nozzle.

Tap 3 Is in the (MS nozzle.

o
/

TAP
n

1

2

3

5
6
7
8
9
10

11

W.P. I in.

_89
k69
505
_39
b28
386
305
303

390

390

B.P. In.

0

_9
90
111

99
1o8
11_

0

130

A:r'l_aaft 2

23 .I_8
32.96
18.68

22.12
3o.88
45.84

7z.92
3h ._0
T8. oo

78.52

h. Base Pressure Tap Locations
Figu_-e 2. Concluded.
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b. Model Installed i n  9 x 7 Foot Test  Section with Base D e t a i l  (OA145B) 
Figure 3.  Concluded. 
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